In QSAR/QSPR study, topological indices are utilized to guess the bioactivity of chemical compounds. In this paper, we study the QSPR analysis of certain graph theocratical matrices and their corresponding energy. Our study reveals some important results which helps to characterize the useful topological indices based on their predicting power.
Introduction
The molecular descriptor is the final result of logic and mathematical procedure which transform chemical information encoded within a symbolic representation of a molecule into a useful member or the result of some standardized experiments. Attention is paid to the term "useful" with its double meanings. It means that the number can give more insights into the interpretation of the molecular properties and / or is able to take part in a model for the prediction of some interesting property of the molecules.
The numerical invariants of chemical graphs are increasingly being used for a single number characterization of the corresponding chemical compounds [5] . These invariants are named in the chemical literature as topological indices [1, 2] or graph-theocratical indices [29] . The former term is the more common of the two. Topological indices have found application in various areas of chemistry, physics, mathematics, informatics, biology, etc [29] , but their most important use to date is in the non-empirical Quantitative Structure-Property Relationships (QSPR) and Quantitative Structure -Activity Relationships (QSAR) [4, 24, 26, 27] .
Survey on Graph Theocratical Matrices

Vertex Adjacency Matrix:
The term vertex adjacency matrix was first introduced in chemical graph theory by Mallion in his interesting paper [20] on graph theocratical aspects of the ring current theory. Below we give the vertex adjacency matrix of the vertex labeled graph G. et G = (V, E) be a grapLh where V = {1, 2, 3, · · · , n} the vertex adjacency matrix of a graph with vertex set V = {1, 2, 3, · · · , n} is the n × n matrix in which a i j = 1 if and only if there is an adjacency from vertex i to vertex j. Each diagonal entry in the adjacency matrix of a graph is zero. i.e., a i j = 1, if v i is adjacent to v j ; 0, otherwise.
Vertex Zagreb Adjacency Matrix:
Motivated by Zagreb matrix [10] we define new adjacency matrix based on the vertex degrees which is as follows: let G = (V, E) be a graph where V = {1, 2, 3, · · · , n} then the vertex Zagreb adjacency matrix Z 1 (G) of a graph G is defined as follows i.e., 
Forgotten Adjacency Matrix:
Recently, Gutman and Furtula [7] have studied the forgotten topological index F(G) of a molecular graph G. Based on the definition of adjacency matrix and vertex degrees of a graph G, we define the forgotten adjacency matrix as follows: let G = (V, E) be a graph where V = {1, 2, 3, · · · , n} then the forgotten adjacency matrix F(G) of a graph G is defined as follows i.e., 
Harmonic Matrix:
Motivated by Harmonic index [6] of a molecular graph G, the harmonic matrix is defined as follows:
let G = (V, E) be a graph where V = {1, 2, 3, · · · , n} then the harmonic matrix H(G) of a graph G is defined as follows i.e.,
5. Geometric-Airthmetic Matrix: Again on the same lines of harmonic index, we define GA-matrix [28] based on a GA-index of a molecular graph G as:
otherwise.
6. Degree-Sum Matrix: Ramane et. al [22] have introduced degree-sum matrix associated with a graph and obtained some upper and lower bounds for its eigenvalues.
let G = (V, E) be a graph where V = {1, 2, 3, · · · , n} then the degree-sum matrix H(G) of a graph G is defined as follows i.e.,
7. Laplacian Matrix: In [11] Gutman and Zhou have put forward the Laplacian matrix. The Laplacian matrix sometimes also called a Kirchoff matrix [3] due to its role in matrix tree theorem, Implicitin the electrical network work of Kirchoff in his paper Kirchoff also introduced the concept of the spanning tree.
let G = (V, E) be a graph where V = {1, 2, 3, · · · , n} then the Laplacian matrix L(G) of a graph G is defined as follows i.e.,
8. Sum-Connectivity Matrix: The sum-connectivity matrix denoted by SC i j was introduced independently by Zhou and Trianjstic [34] it is defined as follows:
let G = (V, E) be a graph where V = {1, 2, 3, · · · , n} then the harmonic matrix SC i j (G) of a graph G is defined as follows i.e.,
, if v i is adjacent to v j ; 0, otherwise.
Vertex Randić Matrix:
The vertex-connectivity matrix denoted by Ri j introduced by Randic [23] . It can be regarded as edge-weighted matrix of the graph defined as:
let G = (V, E) be a graph where V = {1, 2, 3, · · · , n} then the harmonic matrix R(G) of a graph G is defined as follows i.e.,
3 The characteristic polynomial and corresponding energy
Since A(G) is real and symmetric, its eigenvalues are real numbers and we label them in non-increasing order as follows:
The energy of G is then defined as 
Since Z 1 (G) is real and symmetric, its eigenvalues are real numbers and we label them in non-increasing order as follows:
The vertex Zagreb energy of G is then defined as
Since F(G) is real and symmetric, its eigenvalues are real numbers and we label them in non-increasing order as follows:
The forgotten energy of G is then defined as
Since H(G) is real and symmetric, its eigenvalues are real numbers and we label them in non-increasing order as follows:
The harmonic energy of G is then defined as
Since GA(G) is real and symmetric, its eigenvalues are real numbers and we label them in non-increasing order as follows:
The Geometric-Airthmetic energy of G is then defined as
6. Degree-Sum Energy. The characteristic polynomial of DS(G) is denoted by
Since DS(G) is real and symmetric, its eigenvalues are real numbers and we label them in non-increasing order as follows:
The Degree-Sum energy of G is then defined as
Since L(G) is real and symmetric, its eigenvalues are real numbers and we label them in non-increasing order as follows:
The Laplacian energy of G is then defined as
8. Sum-Connectivity Energy. The characteristic polynomial of SC(G) is denoted by
Since SC(G) is real and symmetric, its eigenvalues are real numbers and we label them in non-increasing order as follows:
The Sum-Connectivity energy of G is then defined as
Since R(G) is real and symmetric, its eigenvalues are real numbers and we label them in non-increasing order as follows:
The Vertex Randić Energy of G is then defined as
The Use of Graph Theoretical Matrices in QSPR Studies
We have used nine Graph Theoretical Matrices viz, vertex-adjacency matrix, vertex Zagreb adjacency Matrix, forgotten adjacency matrix, harmonic matrix, geometric-airthmetic matrix, degree-sum matrix, laplacian matrix, sum-connectivity matrix and vertex Randić matrix respectively for modeling eight representative physical properties [boiling points(BP), molar volumes (mv) at 20 • C, molar refractions (mr) at 20 • C, heats of vaporization (hv) at 25 • C, surface tensions (st) 20 • C and melting points (mp)] of the 68 alkanes from n-butanes to nonanes. Values for these property were taken from Dejan Plavsić et. al [21] . The corresponding energy of the above said matrices and the experimental values for the physical properties of 68 alkanes are listed in Table 1 and 2 respectively. Table 1 . Table 2 . 
Regression Models
We have tested the following linear regression model
where P = physical property, TI = topological index .
Using (3.1), we have obtained the following different linear models for each degree based topological index, which are listed below. 
3. By inspection of the data in Tables 3 to 11 , it is possible to draw a number of conclusions for the given energy like invariants. Table 4 ,we can see that the correlation coefficient value of Z 1 E(G) with physical properties of alkanes lies between 0.030 to 0.873.
In addition by using the recently advocated idea of using Forgotten index in QSPR studies, we introduced Forgotten adjacency energy. The QSPR study of FE(G) shows that the idea of using FE(G) in QSPR study does not make sense. Since the correlation coefficient values FE(G) with physical properties of alkanes lies between 0.024 to 0.551.
The harmonic index did not attract anybody's attention, especially, not of chemists. No chemical applications of the harmonic index were reported so far, but knowing the present situation in the mathematical chemistry. We here explore the chemical applications of harmonic index. The Table 6 reveals that harmonic energy is also useful tool in predicting the Boiling point, Heats of vaporization, Surface tensions and Critical temperature of alkanes with correlation coefficient values r = 0.825, 0.856, 0.804 and 0.808, respectively.
The QSPR study of Geometric-arithmetic energy reveals that the predicting power of G − A-energy for the physical properties Boiling points, Heats of vaporization and Critical temperatures of alkanes with correlation coefficient values r = 0.870, 0.89 and 0.833 respectively.
In addition the results for degree sum energy revealed that the recent advocated idea of using degree sum energy doesn't pass the test. Table 10 reveals that the predicting power of sum connectivity energy is remarkably good. Infarct the sum connectivity energy can be use as a tool to predict the Heats of vaporization of alkanes. The correlation coefficient value of sum connectivity energy with the Heats of vaporization of alkanes is 0.931. Further the range of correlation coefficient value is 0.025 to 0.931. In fact, the predicting power of sum connectivity energy with Critical pressures of alkanes is almost nil.
The QSPR study of Vertex randic energy does not pass the test.
From practical point of view, topological indices for which the absolute values of correlation coefficient are less than 0.8 can be characterized as useless. Thus the QSPR study of 9 topological indices with physical properties of 68 alkanes helps us to characterize useful topological indices with absolute value of correlation coefficient lies between 0.8 to 0.972.
